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AHHOTALUA

B pOoknage npeacTtaBneHbl HEKOTOpble OCOGEHHOCTM BLINMOSIHEHMS TENNOrnapaBinyYecKnx
pacyeToB ANs OnpeaernieHvs KpuTepueB ycnexa cuctem, B pamkax npoekta BAB aHeprobnoka Ne5
3anopoxckon ASC anst BHYyTPEHHNX COObITHIA.

PacueTHbIn aHanu3 BbinonHeH ans rpynn WCA Teun TennoHocutens 1-ro KOHTypa, NepexoaHble
npoueccbl M cneuvanbHble MHALMATOPbI, C MCMONb30BaHWMEM MoAenu 3Heprobnoka ans kopa
RELAP5/MOD3.2.



KPUTEPUUN YCINEXA CUCTEM

OnpegeneHve KpuTepueB Yycrnexa CUCTEM $BMSIETCA OCHOBHOW 4acTbio pa3paboTku OepeBbeB
cobbiTni ana rpynn ICA. Kputepumn ycnexa cuctem nogpasgensaoTcsa Ha OBe KaTeropuu:

“NMEPBUYHBLIE KPUTEPUU YCIMNEXA” onpegensTcs MWHUMarbHON
KOHUrypaumen CUCTEM U BPEMEHHbLIMU XapaKTepucTMkamn ux Beoga B pabory,
NPy KOTOPbLIX BbLIMNOMHATCA KPUTEPUM NPUEMNIEMOCTM AONst  TonnmMBa U
obecneunBaeTcs nogaepaHme pyHKUMn 6e3onacHoOCTy.

“BTOPUYHbIE KPUTEPUWN YCIEXA” onpenensoTcs yCNoBUAMWU SKCMyaTauum
n paboTtbl obecneymBaroLMx CUCTEM, HEOOXOOUMBIX ONS BbINOMHEHWUSI CUCTEMOM
NPOEKTHbIX PYHKLMNA.

[ins onpefeneHust NepBUYHbIX Y BTOPUYHBIX KPUTEPUEB YCnexa cucTeM Obiniv YCTaHOBMNEHbI KpUTepum
NPUEMMEMOCTM, KOTOPbLIM AOMKHA YA0BNEeTBOPATL cucTema B kaxaon All.

MepBuYHbIE KPUTEPUKM ycnexa cucTteM anga aHeprobrnoka Ne5 3A3C Gbinn onpegeneHbl HA OCHOBE
aHanmsa pac4yeToB C MPMMEHEHNEM Tennorugpasnuyeckon mogenu anga koga RELAP5/MOD3.2.

KPUTEPUU NMPUEMJIEMOCTHU

MepBuYHbIE KPUTEPUM NPUEMITIEMOCTH

OCHOBHOW KpuTepui NpuemMnemMocTy Ansd TOnnMBa yCTaHOBMEH Ha OCHOBAHWM MPOEKTHbLIX Npeaenos
(OrB-88 n MNBA PY AC-89) un, anst BAB 1-ro ypoBHsi, onpeeneH B pykosoactee ZPG-4:

NOBPEXOEHUE OBOJIOMKU TOINJIMBA - pgoctxkeHMe MakcuManbHOro
NPOEeKTHOro npegena no Temnepartype obonodek TBAJ1 1200°C.

[Ona onpegeneHus pacnonaraeMoro BpeEMEHW [OeNcTBuM onepatopa Obinv  yCTaHOBMEHDI
AOMNONHUTENbHbBIE KPUTEPUN NPUEMIIEMOCTMU:

3ANAC ABAPUNHON NUTATENIbHOW BOAbI - nognutka NI ot 6akos AMN3H.

3ANAC MACCbI TEMNIOHOCUTENA 1-r0 KOHTYPA - nognuTtka 1-ro KoHTypa, C
yyeTom emkocter CAO3 n Baka-npusamka repMmoobonoyKku.

KPUTEPUN BE3OMNACHOINoO KOHEYHOIO COCTOAHUA - poctwxkeHve

yCroBun “ropsunin” nnu “xonogHbIn” 0OCTaHoB.

Bpemsi poctmxkeHnst 6esonacHoro “ctabunbHoro” coctosiHna ons moaenuposaHust All B BAB 1-ro
YPOBHS onpeaenaTcs, kak 24 yaca. PaccmoTpeHne cobbiTui, HaxogsaLwWwmxca 3a npegenamm 24 yacos,
B obLLeM, He BXOOMT B 06BbeM KOHEYHbIX COCTOSIHUI uccrneayemblx B BAB.



®YHKLUUUN BE3OMNACHOCTHU

[ns BbINOMHEHWUs aHanusa, BCe CUCTeMbl HeobxoauMble ANs OOCTUXEeHWs 6e30nacHOro KOHeYHOro
COCTOSIHUA ObINn  crpynnupoBaHbl No  “dyHkumam 6esonacHoctn” (®B). Ona BAB 1-ro ypoBHSA
aHeprobnoka Ne5 3ASC ncnonb3oBanuch criegyromne hyHKUUMM 6e30nacHOCTH:

®b-1 (A,B,C) - YnpaBneHne peakTMBHOCTbIO

®b-2 (D) - OBbecneyeHne 3anaca TeNNOHOCUTENS B NEPBOM KOHTYpe
®b-3 (E) - OTBOA TENMA MO BTOPOMY KOHTYpY

®b-4 (F) - OTBOA TEMNa no NepBoMy KOHTYpy

®b-5 (G) - YnpaBneHue gaBrneHuemM nepBoro KoHTypa

Pb-6 (P) - i3onsums naporeHepaTopa

®b-7 (R) - ObecneyeHne anekTpocHabxeHus

Kputepun npuvemneMoctn v npegnosnioXeHus Mo KoHdurypauum u paboTocnoCOOHOCTU Kaxaow
cuctembl BO Bcem amana3oHe WCA Obinn obbeauHeHbl AN onpeaeneHusi rpaHuydHbIX YCrnoBUWA
pacyeta Arll.

TEYUN TENJIOHOCUTENA 1-FO KOHTYPA

MwuHuManbHaa KoHdUrypaumsa cUcTem, MeCTOMOMOXEHNE TeYn U rpaHuYHble AnameTpbl Teyen 1-ro
KOHTypa onpegensanucb ana All, npeacTaBnsAlWMX MPOEKTHOE NpOTeKaHWe aBapuM C YCNeLIHbIM
BblnonHeHnem scex Pb:

S$1 - “Bonblune” Teum 1-ro KoOHTypa
S2 - “CpegHue” Teun 1-ro KoHTypa
S3 - “Manble” HekoMneHcupyemble Teun 1-ro KoHTypa

S4 - “Manble” Teun 1-ro KOHTypa, KomneHcmpyemble cuctemon TK

S1 - - - 2/4TE CAO3 | 1/3 CAO3 HA -
S2 A3 - 1/3 CAO3 Bl | 2/4TE CAOS - -
S3 A3 - 1/3 CAO3 Bl - - T/0 2k
S4 A3 TK - - - T/O 2k

Ana kaxgon rpynnbl MCA 6bin npoBedeH aHanua aBapuiHbiX nocnegosartenbHocten (All) n Gbinm
BblOpaHbl rpaHnyHble (ormbatowme) cueHapum, KoTopble npeactasnstoT rpynnsl MCA n obecneunsaroT
MWHUMAarbHbIV 3anac No BbIMNONHEHUIO KPUTEPUEB NPUEMIEMOCTMN.



MPAHUYHbIE OAUAMETPbI TEYEN 1-T0 KOHTYPA

LOCA bounding breaks

o

0 100 200 300 400 500 600 700 800 900

Break size, mm

TEYU TENNOHOCUTENA 1-NI0 KOHTYPA

S1: Ona “6onbwon” teun 1-ro koHTypa ®b-1 (YnpaBneHue peakTMBHOCTbLIO) obecneunBaeTca 6e3
cpabaTtbiBaHua A3 peakTopa.

S2: Ona “cpegHen” Teun 1/3 kaHanoe CAO3 B[ u 2/4 TE CAO3 obecneumBaloT BbINOSHEHNE
KpUTEPUEB NpMeMNeMocTn 0O BepxHen rpaHuubl Oy 200mm. Mpu atom nopaepxanHve ®bB-3 (E) -
oTBOA Tenna nNo BTOPOMY KOHTYpPY He Tpebyetca ons anameTtpoB Teunm Gonee [y 22mm. OTBOA
OCTaTO4YHbIX JHEpProBblgeneHnn obecneymBaeTcs pacxodoM B TeYb M NOAMNUTKOM 1-r0 KOHTypa OT
CAO3 B[], co ctabunusauuein aaenexnsi 1-ro koHTypa meHee 110 krc/cm?. OCoBEHHOCTbIO AaHHOTO
pexumMa sIBfsieTcsi Npouecc BbinapuBaHusa 3anaca kotnosow Boabl I ¢ paboton MK MM, koTopbin
co3faeT MacCuBHbIA TennooTBod nocne oTkmodeHna nognutkm M. OTcyTcTBME HEOBXOOMMOCTU
nogaepxaHus TennooTtsoda Ans Teunm [y 22mm noaTtBepXkaaeTcs pacyeTom GanaHca aHeprum 1-ro
KoHTypa. KoHeuHoe ©Oe3onacHoe coCTOosiHME “XONOAHbIA” OCTaHoB, ¢ nogkntodeHnem CAO3 HA,
obecneumBaeTcs npu “cpegHen” Teun ¢ 3KBMBANEHTHbIM anameTpom bonee [y 50mMm, koTopas Gbina
onpeaerneHa Kak HYKHAS rpaHunua.

S3: Ona “manon” HekoMneHcMpyeMon Teun ¢ BepxHen rpaHuuen [y 50 6bin BbINOMHEH pacyeT ¢
oTkaszom Bcex kaHanoe CAO3 B[, npum «koTopom TpebywTca AQencTBus onepatopa Mo
pacxonaxueaHunio PY 4yepes 2-m koHTyp. PacxonaxmBaHue npu ckopocTun 60°C/4 JormKHO ObiTb
Ha4aTo He no3gHee 45 muH. [Npy Takom Manom BpeMeHu Gonbluasi BepOSATHOCTb OLWMBKN onepaTopa
BHOCUT 3HauMTenbHbin Bknag B UYIMA3. V3ameHeHue kputepnmeB no 6e3onacHOMY KOHEYHOMY
COCTOSIHUIO M CMELLEHME rpaHuubl mexay Tedamm 1-ro koHTypa S2 n S3 ¢ [y 50 Ha [y 22, no3eonseT
yBENUYMUTb pacnonaraeMmoe BpeMs Havana pacxonaxunBaHusa 4o 5 4acos.

S4: [na “manon” komneHcupyemon Teum [y 11m 6bin BbINOMHEH pacyeT C OTKa3oOM CUCTEMbI
nognutkn 1-ro koHTypa n CAO3 B[], npy KOTOPOM pacxonaxuBaHue He TpebyeTcH B TeueHune 24 u.
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NEPEXOOHBbIE NMPOLIECCHI

[nga noaTBepXaeHWs BbINOSIHEHMS KPpUTEPMEB NPUEMIIEMOCTU U AOCTUXEHMS 6e30NacHOro KOHEeYHOro
COCTOSIHUA “ropsvnin” 0CTaHOB Obif BLINOSIHEH pacyYeTHbIN aHann3 nepexonHbIX NPoLeCccoB:

T1 - MNMoTeps anekTpocHabXeHMs OT BCeX CeKunin 6KB cOBCTBEHHBIX HYXA,
T2 - NoTepsi ocHOBHOW/BCNoMOraTenbHon nuTaTensHon Boabl M

T31 - lNepexogHble npouecchl, BegyLume k cpabatbiBaHuio A3

T32 - MNoTepsa Bakyyma KOHOEHCATOPOB TypOUHbI

paHn4YHbIM  (OrMbarowmm) cueHapuem Ond Kputepuss MNpUEMIIEMOCTM - 3anac aBapuUWHOM
nutatenbHoun BoAabl MNIN aBnNseTca noteps anekTpocHabxeHnsa ¢ pacxonaxueanus PY npu ckopocTtu
15°C/u.

B cnyyae notepn nutatensHon Boabl [T BbINOMHEHWE KpuUTepusi MPUeMIIieMOCTU MO TOMMUBY
obecneymBaeTca OTKpbITMEM aBapuiHOro rasoyganeHna YR ¢ nognutkon 1-ro koHtypa ot CAO3 B[,
npu MakcumarsibHo-4oMnycTMMoM BpeMeHn 2 Yaca 40 MUH.

BoccraHoBneHne noanutku MM [omkHO ObITe BLIMNOSIHEHO paHee, YeM onepatop MCnonb3yeT
cuctemy YR. CrnegoBaTenbHO, pacnonaraeMoe BpeMsi Ha BoccTaHoBneHwe noanutku M ot AIMN3SH
cocTaBnseT 2 yaca, ¢ y4etom BpeMeHun 40 muH Ha passopoT AlMN3IH.

CNEUMAIIbHbIE UHULUMWATOPDI

[ns noaTBepXXaeHNs BbINOMHEHMST KPUTEPMEB NPUEMIIEMOCTU M AOCTUXEHMS 6€30MacCHOr0 KOHEYHOrO
COCTOSIHUA “ropa4vmin” nnmn “xXonogHbIn” OCTaHOB Oblfl BLIMOIHEH pPacYeTHbLIM aHanua crneuunanbHbIX
WHULNATOPOB:

T41 - Manas Te4db u3 1-ro KOHTypa BO 2-i KOHTYp (Pa3pbiB Tpyoku I1IN)

T42 - CpegHsist Tedb 13 1-ro KoHTypa BO 2-11 KOHTYp (OTpbIB KpblilkK KonnekTopa 1)
T5 - PaspbiB Tpy6onpoBoaoB nuTaTenbsHOM Boabl/napa B npegenax O

T61 - Hensonunpyembiin paspbiB naponposoa 3a npegenamu O (mexay M n B30K)
T62 - isonnpyembiii paspbiB naponpoeoda 3a npegenamu MO

T7 - MNoTeps kaHanos VF 10,20 TexHn4eckon Boabl rpynnbl “A”

ATWS - NMepexoaHble npouecchl 6e3 cpabaTbiBaHNS aBapUAHON 3aLLMTbI

T41: TMpu Hemsonauun “aBapumnHoro” I (c Henocagkon BPY-A) onepatop [OMmMKEH BbINOMHUTL
pacxonaxueaHune yepes “HeaBapuiHblie” [T 4O HapyLWEHNs KPUTEPUA NPUEMIIEMOCTHU NO TOMNMUBY.
Mocne pacxonaxusaHua PY onepatop pormkeH nogkntountse CAO3 HO Ha nuHMIO NnaHoOBOro
pacxonaxuBaHusa 0O TOro, kak 6yaeT n3pacxogosaH 3anac B 6akax CAO3 n 6ake-npusamke O (3anac
Macchbl TennoHocutens 1-ro KoHTypa). [pn 3TOM ogHOoBpeMeHHas paboTa kaHanos CAO3 B v HL
ycKkopsieT noTepto macchl 1-ro KoHTypa 3a npegensi [O.



CMNMEUNAIbHbBIE MTHULMWATOPDI

T42: HesaBucumo ot wmsonsduum “aBapuirHoro” I (pexuma pabotel BEPY-A) onepatop AoimkeH
BbIMOSTHUTL pacxonameaHue vepes “HeaBapuinHble” M7 ¢ MakcMmarnbHOW CKOPOCTbI0 4O HapyLUeHUs
KpUTepusa npuemnemoctu no tonnuey. [pn ogHoBpemeHHoW paboTe kaHanos CAO3 B v HA
onepatop ycnesaeT nogknoumte CAO3 H[ Ha nuHMIO NNaHOBOrO pacxonaxuvBaHWs OO0 HapyLUeHUS
KpUTEepUA NpuemMnemMocTu No TOMMUBY, HO MOCMNe McyepnaHus 3anaca TennoHocuTens B 6Gakax
CAOS u 6ake-npuamke MO.

T61: lNMpu m3onsumn “aBapuinHoro” MNIT, oTkas otknodveHus 1/4 TUH vnn Bcex MUH He npuBoaut K
BbIXOAQY B MOBTOPHYI KPUTMYHOCTb MMM HapyLeHW0 KpUTepus NpuemMneMocTy no TOMuBY,
BCNEACTBME pacxofnaxumBaHua 1-ro kKoHTypa. B cnyyae oTkasa wusonauum “aBapumnHoro” I no
nMTaTeNbHOM BOAE HeynpaBnsieMoe pacxonaxvBaHWe NpuMBOAUT K BbIXOQY B MOBTOPHYHO
KPUTUYHOCTb, HO KPUTEpPMW MpUEeMNeMOoCTM MO TonnuBy He Hapywaetcd. OgHako, onepartop
OOSDKEH MEepeBECTU peakTop B NOAKPUTUYECKOE COCTOAHME BBOAOM 6Gopa B 1-M KOHTyp Ans TOro,
4yTOObl 06ECneYnTb 3anac aBapuMMHOM NUTaTeNbHOMN BOAbI A5 TeNN00TBOAA NO BTOPOMY KOHTYPY.

ATWS: [pn oTtkase cpabartbiBaHMs aBapuMHOM 3allMTbl peakTopa Ans gaHHou rpynnbl MCA
Heobxoanmo obecneunTb NogaepxaHve cnegyrowmx gyHkumn 6esonacHoctu: ®b-1 (YnpaBneHue
peakTuBHOCTbLI0), ®B-3 (OTBOA TEenna no BTOpPOMY KOHTYpy) u ®b-5 (YnpaBneHue gaBneHuem
1-ro koHTypa). Ob6ecneyeHve TennooTBoga MO BTOpoMy KOHTYypy oT AlN3H (npy notepe
OCHOBHOW/BCNOMOraTenlbHOW MUT. BOAbl) BbINOMHAETCA MEepPeBOAOM peakTopa B MOAKPUTUYECKOE
COCTOSIHME 3a cyeT BBOAA 6opa B 1-1 KOHTYp. YNpasneHue gasneHnem 1-ro KOHTypa obecneunBaetcs
rpaHn4HbIMK ycnosusimu 1/3 TIK K.

PacueTHbIn aHann3 cuctembl aBapuinHoro rasoyganenus YR B pexume “Feed & Bleed” nokasan, 4to
cucteMa MoxeT ObiTb MCMoNb3oBaHa AN NpedoTBpaLLeHUs MOBPEeXOeHWs a.3., B criyyae MnosHoum
noTepu TennooTBoda no 2 KOHTypy. lNpu 3TOM TEnnooTBOA OT aKTMBHOWM 30HbI obGecneyvmMBaeTcs Co
cTabunusaumen gaBneHus 1-ro KOHTypa Ha ypoBHe 34 krc/cm? u nopnuTkon oT 1/3 kananoe CAO3

BO.



Primary pressure (kgf/cm?2)
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Mass Flow Rate (t/h)

Maximum Cladding Temperature (°C)
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m)

Collapsed level in reactor core (

Coolant Mass in SG primary side (kq)

BECOBOW YPOBEHb B KAHAIIAX A.3. (PEXXUM “FEED & BLEED”)
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